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B

A STUDY (F THE DURNING RATE OF BICKFORD FUSE
UNDER CONSTANT EFRESSURE; TEMPEEAYTURE, AND VOLUIE COMDITIONS

i Preparced bys ;

Robpert J. McHenvy
Kenrcth N. Boley

STHACT: Results of three studies arve reported:
» (a) the elffect of preosure on burnlag rate of
e Ensign Bickford time fusey (b) the effect of tem-
‘ peraturs on burning ratesy and (c¢) the erffect of
burnlng in a closed contalaer on the npressure in
the container, and the resuibing change of burn.ng
. rate, IZquatlcns which permit predictlon of time
g fuse venavior undeyr various conditions of tempeir--
ature and presgure are presented.
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The inve“ijgan|Oﬂ degseribed in this report was undertaken at

the request of the Pyrotechnles Branch of the Engineering
Lepar bH@ﬁb, anc uwas oechL@zu by the Wechnical Evaluation
Departient undce Task NCL-9J-ia-GQ0- Its purpose was Lo

orovide Informstion requirad in the u>°nfn ol delay components
for pyrotechnics. The infoumctilon ﬁ“““Cﬂbbd is believed %o
fuli’ill this purrpose, and to represent g substantial addition
to the meager ¢ata on this subject. Extension of vhie study %o
cover Hlvher pressures and wacller volumes, and to investigate
the Lenp»1at1ve° produced and their eflect on the pressure and
ourning rate, is desirable. fLppreclation is expressed &o
Charles Q. Adams for his valueble contributions to the accuracy
and clarity oy the mathemasicezl portions of this ezport. The
opinions and coneclusions are those of The Techaleal Evaluntion
Depertnent.
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Figure 1. Burnlng Time fox a 12-Inch Ilength of Type A Fuse

. {60 8ec., 30 Grain) vo ﬂlpl¢00 Absolute Pressure

igure 2. Lop°r1thﬂ or anning Ulme of 12 Inches ol Fuse
vs Logarithm of Absoliute Pressure

ipgure 3. Loba¢1tum of Buining TMme of 12 Inches of Fuse
va Lomarvithm of Applied Absolute rvoq>ure

Figure 4. Log a*lihm of tac Burning Time of 12 IzcheS of Fusg
vs Logarithm of “hpl o6 Absolute Precs

3|

> Burning Time for =2 g-Ineh TLenztiz of D‘ 16
femperature of Atmothere

Figure 0. (age Pressure Jeveloped vs “imb Elapsed Since Ignitilon
ed Since Ignition 3
Flgure 8. ilatural Lopgaricom of the Abesolute Pressure Developed

va Time ilanseld Since Ignltion
. Mabtural Logac-ithu of the Absolute P
vs Time llapsed Since Ignivion
Figure 10, Values of K vg Volume
1

5
0

Pigure 7. (tage Pressure Daveloped vs Time Xlans
8 &
J

Pigure sure Developed )

(1)

' Pigure 11. “Values of K s Volume to 2/3 rowe:s
Pilgure 12, Ob °‘“JPQ 3F“4L1 Time for 12 Inches of Fusa ilhen
Burned in Various Fized Volumc.:

Pigure 13. Uaximum fressuces Obscrved When 12 Ineres of Fuse
was DBuraned in Vorlous (onstant Voliume

2
2
Figurs 14, Pregsure Bomn for Constant Volume Tests

Tarle 1, Descripntion of Tuge Types 5
Table 2. Constants and Linits for CLESsvre langes '
Table 73, Sxperimental ond Calculated Rata

Table i, Volunes of Prosrure Bemd aand Aceassgorles
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£ STUDY OF I BURNING RATE OF BICKFCRD FUSE
' UNDER CONSTANT PRESSURF, TEMPERATURE, AND VOLUME CONDITIONS

. TNTRODUCTION

Materlal Testedu

AR TP ] AT et et et S e SN S8

1. In mony of the applications ol Insign Bickrord tiue
fuse, the fuse is confined in an aj?tight contalner, Upon

burning, the fuse evolves pascs and heat which cause 2 pressurs

rise 1nside the container. Thic pressure, in turn, csuses an

increasze In the burning rete of the fuse. Tals study was con-

ducted to gather data on tne dnteraction of pressure, tempera

ture and burning rotve, and to determine the >o.u1b3*itv o q

1orcc”~t1ﬁo the res u*uU to be oxpoctod wnder various conditions &

£ fuse confinement. Thrce types of time fuse were used in 3

al tests, All were plastic coated Ensign Bickford fuse made e

accordlng bto weference (ai, except for color code The %types :

are desceribed in Table 1. The use of the letters A, B, and C o
' to identifly cach type fuse in the rest of the rejort is uct a :

standa~d notation, but is used here for convenience.

' Preliminary data =
2. According to refevance {a), the burning rate of Bick-

Tord fuse should be within 108 of L he ncminal when burned §
under ambient condltlons. Ten 127 samples of Type & from one 1
lot wewre burned under amblent COJGltiODS, and all times uere :
within 1% of the nominal value of 60 seconds. Ten 12" samples <
of another lot burned within the range 61.5 + 1 sec. The '
burning tlmes of some l b carnles of Type ¢ were 03.4 + 1 sec.,
ant of Typ B, 29.8 = sec,  Similar testo on untreated 127

s oA s

samples of several lﬂuo and types of fuse indicated that within
a glven 1ot of fuse, the bwmning time could be expected Lo be
consisvent within awdﬂo tmetely +1 sccond per Tfoot, and i)zt the
burning times for ?11 samples fell ulthin 105 of the nominal
value,

EQUIPMENY AND PROCLDURLS

Constant Cvressure

ad,

i 3. Low Pressure. For fuse burned at pressures below 100
& psig, & pressure vessel with a glass observation nort was us
: The 1cnni. of fuse was 1aid on a metal r"uue and ignited Ly
means of a fireworks squibd. The oTVMP of the voessel vas approx-
i : lmately one cubic foot. Alr was let i aan] whe Bourdon gage
. showed the proper pregsurs. The | ouJb lead was touched te a

[
1

i
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h5-volt 1 battery ond a Starndard Electric tine "wu gtarted
manually. The timer was stopned when tne 5011 of fleme

appeared at the end of the length of fuse, Ol;gLnally the
pregsure was allowed to bhuild up inside the pot and an ave:

*Age

pressure was used in calcuvlatlions. In laser tests, the pres
sure was released as it bullt up and thevrevy kept almost
constant. In some cases the temperature iInside the not
increased to a poinu vhlch was bhlﬂeved to eadunger the
strength of the glass port (200°F). In order to prevent >his,

the inteke and exhaust valves were partially opened and
adjnstad so that the nressure was at the desired level and in
dymanxﬂ equ17¢b”1umo No difference in the burnlng rate wes
noted amcng the three methods.

4, Vacuum. The vacuum work was carricd out in the sane
vessel and in the same manner. 1he vacuun was ottained with
a Duo-3eal vacuum pump. The pressure was ke\f practlically
constant by opening and closing the valve leading to the pump.
No ballast tank was necessgavy. The pressure wag read on a
Bourdon gage. The atmospheric pressure was rend periodically
on a marcury barometer.

5. High Pressure. The higheir pressurc tests were performed
in a vessel with no observation port. The voiume of the vessel
wag abouv one cublc foot. The pressure was released as it
buist up., n place of wvisual obscrvation, naris (b), {e) and
(g‘ of the pressure bomp QHILUﬁL 14) were used es stated in the

description of the pressure bomb (bqr agraph 7). The apparatus
was assembled vertically, isnltion end up, with the nesting held
in proper positlon by ta:cc

Ci
-
(e

Constant Tenperature

6. Taese tests were p:?lnvmed in a temperoture chamver of
imensions 8' x 8' x 15, Tie fure lengths vere ignited hy
Jireworks squibs and timed by a menually operated Standard
Blectric timer. An ogerutOP vas wlthin the chamobcer coaneciling
the squib and length ol fusze, and an obsevrver was ouvtside
passing in fuse lengths and squlbs and operabting the timew.
Fuse lengths which werce hield at the test temperature for pro-
longed periods before banngng are referred to &s conditioned
fuse, For the 160°F test, the fuse was exposed to the LO0°F
temperature forp approxrmatoir 24 hours before burming. For
the c¢oid tests, the fuse was CLPOLE :d to the ~C5°F temperature
for 16 hours. The lengths of fuse remaining alter ccmpletion
of the ~05°F tests were exposed to an hour of traansitional
temper:twre and an hour &t -20°F before burning ln a -20°F
atmesphere. Those remainlnp wore exposed to J hald hour of
transitional temperatures and an hour abt C°F before burning
in a 0°T atmesphere. To determine the effccbs of burning

tl = ‘—’JQJ

)
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upeonditioned fuse in an atuonphere of elevabed ¢r redueed
cemperature, unconditionsd lengthi of fuse were rassed Ilnto
5 the chamber and ipniited withiln 30 seconds.
Constant Volume :
T« A special pressuice bomd was dosigned and built Tor :
this test, This bomb coasintn of the follcwing parts {sec :
Figure 14): :
a, Cvlinder lenzth of 12" and inner dicueber of 2.5".
t. Hesting ol sanz length designed to held fuse n
senter or cylinder,
Co Four 3 47 diapster vods which £ig irto nesting to :
decrease volume :
d, ileces ingerted neitueen above rods In order o
further reduce volume.
' e. uge clip to lodd squib againgt fuce length.
. Igniltion eud piszce wita O-ring and insulated
. HFahnegvocl clips ©o connact with squlb eadsc
2T

ﬁ' ° {PL
spring -..1oaded
f

I7
i j CCARE
by finul spurt of liaMO E:om time fuse.

inal end place wiltin predsuxe gage tap aﬁd
‘I : "‘ o)

b,

W

e

%
i

N

he. “wo aluminum cyliinders O
dizmeter, 3/8" inside dlameber to reduc
extent than is possible using nesting and

" long, 2-1/2" outside
e velume to a greaier
-I:"l‘

R

L. Adaptewrs to allon Contirol Engineering supe Rdnurl
plug thread) and Esterline-ingus gage (L/4" plpe thread) o be
used in addition to the Alaredeson gape for which the bomb s
ta‘\)[bf

8. 411 pressure-tim: Jubve were obicined with the Asteriine-
Ang0° recording pregeure gice. The (lireworks squibh was ignited
by 2 45-volt battery. T S0ais stence of the ‘LUP Lariwid © W
measured consbtantly drwlag the buraing by an ohmwaeter, Th?
heat Ifrom the -pvrt of .;;‘é CdUuOd a sudden inerzase in

i
hiea<s. Whan this

resistance, even when © ctrldge did not 1

' change occurved, the cbs:rvo: uVonuod e Gimer. The volume o
the bonb nonu ining the iece vas found by pourmh%
from a grzduated cylindv wh water to Liil 1. Table =

' shows Lho AWDY )Alm oo voluaws of various plsees. Volumes

; a1
ﬁ shown on the charts and cusves are Iree voluuwes helore incer-
Lion ol tvae time Juse,.

ﬁ
(& bty
(VN
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pressires greater than 10G i, the resulty beeunc erratsie.

_ Thic Inconsistency mlant 1esuit from another pressure effect

. producing a decrease of frec wolure bebtueen the £x rains of
black powder due Lo compression of the fuse. Suchoa decraase
in free vodvae would cavsce a slowsr burndng ra o, 1coording

d to meference (b}, ™o line unLouwn the raat the points

has the e?tJuion ro= 1075/ 2 where ¢ i 31VGi in lnches nar
seconG. No repgular bhurning time ves aprplizd pregaure curve

such as in PL&hPC l~ uas drawn for fuse ij,u S oend C, bﬁ“auuc

the shas: of' the curve ie the same and the log-log curves lend

themselves more readily Go lnupip)LLLlOQ, extrapolation, and

equation derivation. Thu curve forr fuse U 1s she a in Figure
L

i
%, No measurements were wade on fuse ¢ with gage pressures 1

above 100 psi, BeCuU53 oi dirficuitles encounsered in trying AQ
to malntain bov'tanf regsure ab the time this fuse was tosted, Ii
some of the highci pfeSSL‘es plotied ave average valuesg With 3
pressures above & uo spheric, whe cyuation is r = (O4P.D0; 1
below atmospieric, » = .0193p.033, 3
Constant Temperature I
' lOo Tue effect of temporature on the burning time of fuse

wag relablvely slight in the vange tested (Figure 5}, The
pol nuu plotied at 78°F may not be a true ‘CO“OIQLu?flOG O‘.Lle
normal burnling blﬂL of the tented fuse 1n that the measurements

-l
Vet
.

ot
iz

3 ey .
£ were made at a later date and ave subject to uq(urlklnuy in ;

e

he sanpling employed and variations 1n asmospheric pressure.
the sawnpling employed and variations 1n hit i¢c pres “G

The Laablbu of the test on conditioned fuse as compared wiil
unconditioncd fuse indile

"

"«‘é u~>§§“3’17/%‘“’

i ={e that :she effect of the fuse oemperaw o
@ ture oa hurning rave is sliight enovgh thas the temperature

é change experlenc yd by unconditioned fuse upon paesing into the o
o chamber is nogligl ble. A cxemination ¢i’ the uncondltioned fuse

é data Iandleates a very slipht ncrease in ke burring rate as the

f surr-cuading temperature ircrecses. Although it is not delinitely

: known what tGmpGT@LUPCu are reached within a seeled contaliner,

L 1t is assumed in the Conntant Volume section of this report that

B no gignificent change in buvnlng wime is caused by the tempera-

3 ture iacrease execspt insorar s it affzscls precsvre.

Constant Volime

= 11, Tressvre Bulld Up: The pressure develicpad in a 3ealed

i; contalier as »a l“?[h“ ol iuse burng is shown in hh:rrc 6 for

g“ each type of fuse in & HiUes volume and ia Figurs [ lfor fuse

B Type A 1n varlous volumes. In Flgures & _'.=,1'_-:i_'J.. tliz same data

] are re)resentec with the nasural logardithn o tls ibsolnta

i\ pressuce plefted ao a fuizetlon of the tinme,. The straizhit line

e
o,
i
o
n
]H
i
o

oa these graphs lndicate that

= ,'.(.{ ln ;) + G
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z
3. - 2 Ea I P . 2 P - , 3 Ji
in the container alfter 30 seconds? Wiat will be the uaxinum b
pressure r2ached? iHow lonp will the fuse bhurnt :

£}

.
Using equation {G), X = k™2, where k' = 0,870 and V = 587

" . —reml)d
K = 0,870 x 557 /

Substituting this value of ¥ into (L}, & = K{in P) - 2.68¢K

Wwe obiain 3¢ =061.01InpP ~ 2,088 » 61.0 :

:g'l') LJ = :30 i 2o6£))6 x 63.-60

n I = 3.18 -

%W taking anti-log, =25 peia or 10,3 pslg after 30 sec.

.

i Azain, vsing equation (4}, © = K{in P) ~ 2,883K

u%’ , ‘f
d

ifferentlating, 4t = ? L (a)

2o
i

from equation (2), we find v, burning rate, equals

v o
‘v'ﬂ";g} kA

R pE SIS

) = dL
X r = |p"
= I

2
i
s
f

PR =-%j:f;*?§w”?’?*-§}ﬂ<?~ By

[

P Y

lgv]

=
=

A

o

—

equating {a) and {b}

gL
}c}?ﬂ -

i
-t f s
t
.-
-t X
Laend]

07 ai, ph

1Ty
—rvm 0 e \‘1‘[

13

akL PI"-—’ >
aoid e P dE
kK

Caimed
0
Rt

IHT AR

Substituting values of constants into {c¢), we cobtain

o

T

aL _o-l/2
ToEIt R TINT ¢
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‘ : A U. 084 x 610
-
j (1,795 + 3,835)¢
A LAT95 + 34035, |
= N N i
A J
By = 17,0 neig, mox. pressuwse absalned. )
Ly, j

- =2 -
t -+ 2,635k ;

R e o

Usinz equastion {5), I' =o¢ &
t o+ 2.68CK
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el e e s <K B

TR

—fy

Substltuting this value invo equation ) with k = 2.0548
and n = 1/2 s

C
O

Q.L{ - (}a,-v_;')n

)
‘f./ !Q P]./C.

l 'Jt 20" 8?1(

t_ ".l\' o t-e b 8 & R..

. 1. a4 1 e
3¢ % e AR SCP A s O 2N e
PRUFEANGIAGs o F gy T R ¢ At

- e ( e

12 B 5.3..1,.,4_1
Intesrating, | 1 r [ o AN a4

AT HN R A M I e Seaviw-cam e AN 6 - T
LOBeIra bueni, ! ST 3 o(}:“'(l'{:’ Gl = .(;-) =
W

b 2,608 x 61,0

0 PR Sl O 1 o2l
§)“I N o - lb"}- 1 ;'s: . e e.'.-o I'r"x
TR RTE a oy T S J o3 Dl

. 2K Blol % U053

N"—r

at

) I . A
£+ 2,088 x 01.0 Pl e et o e
13 ‘-..,...wm:-.mw ot e s = s -; 3 -: f:j o ‘.7 nr_r’z’p
C_ la s O[ O o 2. Chaid & U SOP AN

-y
R

i .
e et = A %e + 12

. ey 4 S B ') e
2w Rl a2 S —
¢ T X 060 % 0 ﬂ{)b?o\
N ! (ax - r oy TIINY e S
. b= 122 1n {3,835 ¢ 1.735) - 2,638 1 61,0




GLVLAL type A fuse in o osmedl veluus, the

o lien cyexr the entire rax 6,2 h2zause the
Moy olanples  Mreive dner 3¢

Jeneg of type &L
'\Aq

7 i
yarsed L oo L1Gee sealed copbainci. giah 5o I
s
T i

ngoan huraluy ond uhe lengsih of fusce vurred vhen the
p2 13 37.2 pale, end the tive of burning of the entire
o Tuse and Lhe naxinulk pressure,

y N PR o A . i o i
P o 37,0 pale, in T o= 3,820 LT o= 0.87 for fuse trpe A
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i
»-d
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i

[H
-

&5
i
3
3

2 nee (whon ? o= 37.2 paia)
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NAVORD REPORT 4279

TABLE I
DESCRIPTION OF FUSE TYPES
- NOMINAL NOMINAL
TYPE BURNING RATE GRAINSFT COLOR CODE
A 60 SEC/FT 30 GREEN
) 30 SEC/FT 30 RED
¢ 60 SEC/FT 40 WHITE
TABLE I
RANGE, PSIA L0G,, PSI WHEN r IS
kg Ve N KON INCH/SES
4.95 TO 14.7 0.695 TO I.167 3/5 0.0392
14.7 TO 37.2 1.167 TO 1.57 172 0.0548
37.2 TO 514.7 .57 TO 2712 2/5 0.0668
TABLE II
EXPERIMENTAL AND CALCULATED DATA %NO P DATA
MEASURED CALCULATED | K= K=k'V2® | Puax PSIG | PuaxPSIG
UM 144 MAX MAX
VOLUME,CC | 7img,sec. | Time, SEc. s (F16.11) | MEASURED | CALCULATED
Z| 1085 52.45 52.80 89. 80 91.90 12.5 10.6
zl 539 50.37 46.80 63.30 61,00 18. 17.0
: <gl 887 49.44 46.80 59.50 61.00 19.0 17.0
i w'a 391 47.40 44.20 47.20 46.50 25.0 235
el 294 46.07 48.75 38.60 38.50 3.5 37.7
ol 294 45.50 48.75 38.60 38.50 33.5 37.7
i gl 11s 37.50 38.60 17.66 20.70 92.0 81.6
QZ| 1085 25. 3 24.70 38.00 37.50 14.5 13.7
: :}ag 589 24.85 23,08 26,20 24.90 22.0 22.3
3 W 391 22.42 21.64 18.80 [ 8.90 32.0 31.8
i- dm 294 21.61 20.68 1590 15.70 410 40.3
i cdl 16 17.20 16.97 8.55 8.44 98.0 94.9
i n
1085 50.09 46.40 52.00 54.50 23.0 195
5 1085 45.80 46.40 52.00 54.50 20.5 19.5
| 685 4573 44.20 % 40.00 * 28 6
09| 685 44.96 44.20 * 40,00 * 28.6
4 w589 44.00 4260 37.80 37.00 32.5 31.5
) a . 587 45.21 42.60 40.00 37.00 29.5 LS
Fo| 400 43.42 39.20 * 28.20 * 343
Bl 391 40.73 39.10 27.00 27.50 460 46.3
ol 294 38.30 36.20 22.80 23.00 59,5 56.3
©f 294 39.00 36.20 22,80 23.00 59.0 56.3
; 16 28.20 25.90 1093 | 1210 144.0 110.0
i 4
< TABLE IV
PART VOLUME
' PRESSURE LINE TO E —A GAGE wllcC
ENTIRE BOMB WITH NESTING +1074(C
EACH 3/4"BAR —|ooc§
EACH ROW OF PIECES (d) a
TWO 6INCH CYLINDERS -969CC




